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1.0  Procedural Section
1.1  Scopeand Applicability

This Standard Operating Procedure (SOP) describes PM,, s filter preparation and gravimetric
andysis operationsin the RTI Environmental and Industria Sciences Divison (EISD) Gravimetry
Laboratory. Filter conditioning and weighing currently takes place in a dedicated laboratory for
weighing PM filters. The laboratory congsts of two weighing chambers, which have computer-
controlled temperature and relative humidity that meet proposed rules FR Nos. 1.61 and 241, and the
U.S. Environmenta Protection Agency’s (EPA’s) draft Quality Assurance Guidance Document
2.12.

1.2  Summary of Method

This SOP describes the processes used by RTI for performing PM,, 5 filter gravimetric andyses.
The mgor stepsin the process for handling thefilters are as follows:

. obtaining filters from the manufacturer and characterizing each lot

. conditioning and pre-weighing each filter

. packaging and sending the filters to the client for use in their PM,, s monitoring program
. receiving, conditioning, and post-weighing each filter

. cdculating and reporting results

. archiving thefilters.

The individua procedures are described in this SOP and related SOPs. This SOP
concentrates on filter weighing operations and other SOPs are referenced as necessary.

1.3  Definitions
. Gravimetric Andlysis - determination of particulate concentration based on weight
difference,
. PM, 5 - particulate matter with an aerodynamic diameter less than or equd to 2.5
microns.
. Filter Lot - units of filters from asingle type, grade, class, Sze and composition,

manufactured under essentialy the same conditions and time by the same manufacturer.
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. Filter Batch - units of filtersingpected and equilibrated under essentidly the same
conditions and time in the RTI EISD Gravimetry Laboratory for usein one given
shipment to the client.

14  Hedth and Safety Warnings

The PM,, 5 weighing operations do not involve unusud risks from eectrica equipment or
chemica exposures. Standard RTI |aboratory hedth and safety precautions must be followed.

RTI personnd must exercise caution when using antistatic devices containing radioactive
polonium sources, must keep an inventory of the location and size of antistatic devices, and must
dispose of the devices in accordance with manufacturers specifications, RTI safety and hedlth
guidelines, and State and locd regulations.

15 Cautions

Laboratory personnel will aways wear clean clothes and wash thoroughly al parts of their
body that may be exposed during weighing, especialy hands, arms, face, and hair, using adequate soap
and water to remove loose skin and hair, as close as possble in time to the weighing activity.
Laboratory coats and gloves are required and will minimize the potentia for laboratory contamination.
Laboratory coats must be taken off before leaving the weighing facility to minimize contamination from
the externa environment.

Rdative humidity is aparticularly difficult parameter to contral; even if tota moisture content
days congtant, if temperature changes RH will dso change. Gravimetric laboratory personnd must be
aware of the potentia for unacceptable RH excursions during seasona extremes (such as high heat and
humidity in the summer). Corrective measures must be taken whenever environmenta controls are out
of specification.

1.6 Interferences

PM,, s gravimetric results are highly sengtive to certain interfering factors and conditions.  The
following list describes common precautions to be taken againgt interferences.

. Handling procedures, humidity and temperature control of the filter and particulate sample
during weighing, and promptness in and consstency of the weighing method prior to and
following callection will al be utilized to help control weighing artifacts due to environmenta
conditions.
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Weight losses can occur due to thermd or chemica decomposition or evaporation of
compounds like ammonium nitrate (NH: N O:s), which releases ammonia and nitric acid as
gases. Semivolatile organic compounds (SVOCs) may be part of the particulate matter on the
filters; if s0, they may evaporate and cause sample weight losses. Such weight losses will be
minimized or standardized by keeping the filters cool during transport to the weighing laboratory
and by conditioning and weighing the filters promptly after their receipt in the |aboratory.

Some new blank Teflor® filters have been found to exhibit aweight loss of up to 150
micrograms (ug) over a period of time up to 6 weeks &fter they have been removed from their
origind shipping containers. Anadysts must check for weight lossin any new lot of filtersthet is
received (see Section 6). Filters must not be used until their weights have stabilized.

Weight loss due to mechanica remova of particles and/or filter materid must be minimized by
careful handling during remova of thefilter from its cassette, filter conditioning, neutrdization of
electrogtatic charge buildup on thefilter, and dl other filter-handling tasks before weighing.

Neutrdization of €ectrostatic charge must be performed to prevent biases due to e ectrostatic
attraction or repulsion during the weighing process.

Personnd Quadlifications

Personnel employed to perform weighing operations must have at least a high school diploma

with at least Sx months experience in computer applications, including soreadsheet and word
processing software, and laboratory sample handling and record-keeping practices. Lead analysts
must have a least a Bachelor's degree in alaboratory science and at least Sx months additiona
experiencein the RTI EISD Gravimetry Laboratory. All personnd employed to perform weighing
operations will be trained by a supervisor before being alowed to process client samples for the PM,, 5
program. RTI Laboratory Supervisors helped to devise the written examination and the hands-on
practical examination for the laboratory component of EPA's PM.s FRM Performance Evauation (PE)
program. All RTI andystswill be trained to a competency equivaent to the FRM PE certification
before they are dlowed to perform weighing operations.

1.8

Apparatus and Materids

. Mettler Toledo UM T2 microbaance

. Marble balance table

. Filters, 46.2 mm, Teflor®

. Millipore Petridides®, appropriately sized for 46.2 mm filters
. Filter cassettes of the correct type and make

. Filter cassette holders, protective containers
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. Nonmetdlic forceps to handle weights
. Nonmetdlic forceps to handle filters
. Staticide®
. Kimwipes®
. Polonium girips (ionizing units)
. Three sets of NIST-traceable standards used for working mass reference standards
. At least one set of NIST-traceable standards used for primary mass reference
standards

. Millipore Petridides®
. Powderfree gloves

. Labcoats

. Shoecovers

. Sticky floor mats

. Computer

. Baance Link® or equivaent data acquisition software

. L aboratory notebook
19  Cdibration

The microbaance will be certified upon initia set-up by an authorized microbaance service
representative. Thereafter, the microbaance will be serviced at least annualy, and on an as needed
bas's, by an authorized microbaance service representative. Records kept by RTI will include service
dates and calibration results. NIST-traceable standards will be tracked by a control chart to determine
if any biasis entering into the system. These standards will be recertified annualy.

Temperature and rdative humidity sensors will be cdibrated annudly.

The microbaance will be interndly cdibrated usng its interna standards and “ Autocdlibrate’
function each time it is brought up from * Standby” mode.

If the microbdance is found to be out of cdibration during routine weighing operations, it must
be recdibrated by the andyst using the microbaance sinterna standards and “ Autocdibrate’ function.
If the microbaance cannot be autocdlibrated, it must be serviced only by an authorized microbaance
service representative.

1.10 Sample Collection

Sample collection is not applicable to this SOP because samples are acquired by the state
agency respongble for exposing thefilters.
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1.11 SampleHandling

Note: Additiond information on thistopic for the Speciation Trends Network can be found in
the SOP " Sample Receiving, Shipping, and Archiving Procedures for the PM,, s Chemica Speciation
Program,” Research Triangle Ingtitute, Center for Environmental Measurements and Quality Assurance,
1999.

RTI will provide chain-of-custody documentation with al sample shipments to track and ensure
that samples are collected, transferred, stored, and andyzed by authorized personndl; sample integrity is
maintained during al phases of sample handling and andys's; and an accurate written record is
maintained of sample handling and trestment from the time of its collection, through the laboratory
andytica process, to the eventua relinquishing of dl datato the client.

Upon initid receipt of new filters, RTI will prepare a“ Flter Inventory and Ingpection”
Soreadsheet containing the manufacturer’ s lot number, box numbers, filter identification numbers, and
date recaived by the RTI EISD Gravimetry Laboratory. Thisform will dlow laboratory personne to
select and use the filter boxes in the proper sequence.

If the filters are from a manufacturer’ s ot that has not previoudy been used in the RTI EISD
Gravimetry Laboratory, then an Initid Lot Stability Test must be performed on randomly selected filters
to determine and document the minimum length of time required to condition filters from thet lot. The
Initid Lot Stability Test isexplained fully in Section 1.12.1 “Initid Lot Stability Tedt.”

Filters must be inspected and conditioned before use. Ingpection and conditioning must be
performed in the weighing environment. Inspection date, andyst’sinitids, number of filters rgected,
and reasons for regjection must be noted on the hardcopy “Pre-sampling Batch Inspection and Stability
Form” inthe RTI EISD Gravimetry Laboratory and will be entered into the “Filter Inventory and
Inspection” spreadsheet as soon asis practicable. Conditioned filters must be sequentialy weighed and
packaged for shipment to the designated recelving address(es) in order of filter identification number.
Additiond information on this topic can be found in Section 1.12.3, “Filter Ingpection and
Conditioning.”

Filters will be shipped to the designated addresy(s) within five days of preweighing to ensure
that the 30-day window for using the filter ismet. If afilter expires without being used, the filter may be
returned to RTI to be reconditioned and weighed again. The decision to recondition filters will be made
on a case-by-case basis by the Laboratory Supervisor in coordination with the Project Manager.

Chain-of-Cugtody forms will accompany each sample shipment and will contain the filter
identification numbers, accompanying cassettes identification, pre-sampling weighing date, and date
shipped to the designated site operator. Chain-of-custody formswill be completed by Ste operatorsto
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provide tracking information from recaipt in the fied, through sample collection, to return sample
shipment to RTI.

Upon receipt of loaded filters, RT1 will complete the receipt portion of the chain-of-custody
form, including date and maximum temperature.

RTI will implement, as amatter of sandard practice, a sample turn-around time of ten cdendar
days from the date of receipt from thefidd. Shipping and maintaining thefilters at or below 4°C
provides a 30-day window from sampling for RTI to condition and weigh filters. The designated site
operators are responsible for shipping filters and cassettes, and cassette containersto RTI at a
temperature at or below 4°C. All custody information will be entered into and maintained in the project
database.

Once thefilters have been weighed and the appropriate interna quality control (QC)
procedures have been completed, the filters must be returned to their Petridides® and the lids must be
securely replaced. The Petridides® must be placed in numerica order in the Millipore® didetray.

Each tray must be labeled with the client’s name and the range of filter ID numbers archived in thet tray,
and then sedled in aplastic bag. Two sedled trays will be placed in each outer cardboard Millipore®
box. The outer box must then be labeled with the appropriate archiva information, including dlient’s
name, RTI contact name and telephone extension, filter ID range, and archiva date. The box must be
placed in acold storage facility to be maintained at or below 4°C. The archiva date must be entered
into the appropriate Excel® spreadshest beside each filter ID number.

1.12 Sample Preparation and Andysis

Note: Additiond information on this topic may be found in the SOP " Standard Operating
Procedures for Procurement and Acceptance Testing of Teflon, Nylon, and Quartz Filters" Research
Triangle Indtitute, Center for Environmental Measurements and Quality Assurance, 1999.
1.12.1 Initid Lot Stability Test

Information derived from the Initid Lot Stability Test must be used to determine the average
length of time required to equilibrate filters from agiven lot. All Lot Stability Test information must be
recorded in the laboratory notebook. The Lot Stability Test must be performed as follows:

1. Randomly sdlect two filter boxes from the same filter lot.

2. Randomly sdlect threefilters from each box.




PM, . Gravimetric Analysis
Revision 7

Date: August 14, 2003
Page 9 of 24

3. Place thefiltersin Petridides® and alow them to equilibrate for at least 24 hoursin the
weighing environment.

4, Weigh the six filters, return them to their Petridides®, dlow them to equilibrate for
ancther 24 hoursin the weighing environment, and re-weigh thefilters.

5. Continue the 24-hour equilibration and weighing process for up to five days and plot
the trend of weight loss. If the trend is ftill decreasing after five days, continue the 24-
hour schedule of equilibration and weighing.

6. Thefilters are congdered equilibrated when they no longer exhibit a consstent
downward weight trend.

7. Record the length of time it took the filtersto equilibrate. Thiswill be the minimum time
thet al filters from thislot must equilibrate prior to performing a Batch Stability Tedt.
(described in Section 1.12.3 below).

1.12.2 Filter Storage

After successful completion of the Initid Lot Stability Test, the numbered boxes of unused filters
will be stored until needed. After the manufacturer’s lot number, box numbers, filter identification
numbers, and date received by the RTI EISD Gravimetry Laboratory are recorded in the “Filter
Inventory and Inspection” spreadsheet, the numbered boxes will be placed on the designated
laboratory shelf in numerica order so that the next box to be used is easily obtainable. The boxes must
be used in numerica order with the lowest number being used first.

1.12.3 Filter Ingpection and Conditioning

Filters must be ingpected in groups of 25 and must be rgjected if they exhibit any of the
following defects

. pinhole
. Separation of ring
. chaff or flashing

. loose materid
. discoloration
. filter nonuniformity

. others: see Laboratory Supervisor
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If afilter is rgected, the andyst must make a note on the hardcopy “ Pre-sampling Batch
Inspection and Stability Form” and in the Excel® “Filter Inventory and Inspection Form” spreadsheet
and must discard thefilter. If thefilter is accepted, the anadlyst must place it in a Petridide® for
equilibration. The anayst must place the Petridide® lid dightly gar over the well such that it covers
approximately three-fourths of the filter surface. Such a placement of the lid alows for outgassing of
the filter while offering some protection from particle deposition. The andyst must inspect and
equilibrate a sufficient number of filtersto dlow for unforseen filter problems or rgection during
weighing. The number of filters equilibrated will consg, a aminimum, of the number of filters required
for shipment to the client plus an additiond five filters. Filters must equilibrate for at least the period of
time determined to be necessary in the Initid Lot Stability Tedt.

1.12.4 Pre-sampling Batch Stability Test

The Batch Stability Test is used to verify thet filters from a particular batch have achieved
weight stability and are not losing weight due to outgassing or other process. The Batch Stability Test
must be performed after the filters have equilibrated for at least the period of time determined in the
Initid Lot Stability Test. Only stable filter batches will be used for PM, s sampling. The following
procedure must be performed each time a batch of filters that has been equilibrated in the RTI EISD
Gravimetry Laboratory for lessthan 60 hoursis prepared for andysis.

1 Randomly sdlect three filters from the batch of equilibrated filters.

2. Weigh each of the three filters and record the weights in the |aboratory notebook.

3. Allow the filters to equilibrate overnight and reweigh.

4, If the average weight loss for the three filtersis less than 5ug, then they are ready to be
weighed for shipment to the client.

5. If the average weight loss for the three filters exceeds 5ug, then repeat the 24-hour
schedule of equilibration and weighing until the average weight loss for the threefiltersis
less than Sug.

1.12.5 Pre-sampling Weighing Procedure

The following procedure must be performed each time PM,, 5 filters are weighed in the RTI
EISD Gravimetry Laboratory.
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The laboratory’ s Dicksor® relative humidity and temperature datalogger is routingly set
to collect five-minute grab samples. Twenty-four hours prior to aweigh session verify
that this logger setting has not been changed.

The microba ance must be left plugged in and turned on a dl timesto avoid lengthy
warm-up periods. If the microbaance has been left in “ Standby” mode, the LCD
screen display must be turned on by pressing the tare (Zero) button once. Do not
press the On/Off button.

Verify that the microbadanceislevel by observing the leve indicator bubble at the rear
of the sample chamber. If the microbdanceisleve, the air bubble will be positioned in
the center of theindicator circle. If the air bubbleis not centered, level the
microbaance by turning the two leveling feet at the rear of the sample chamber until the
bubble isin the middle of theindicator circle. Note: The microbaance must be
rdeveled each timeit ismoved. Rdeveding will not ordinarily be necessary because the
microbaance is not routiney moved. If observation of the level bubble indicates that
the microba ance has been moved, notify the Laboratory Supervisor immediately.
Always cdibrate the microbaance after releveling.

Internaly cdibrate the microbaance with its “ Autocdibrate” function. The
microbaance must be interndly cdibrated each timeit is brought up from “ Standby”
mode. Note: Do not lean on or place weight on the stone balance table or open the
laboratory door whiletheinterna cdibrationisin progress. Minimize movement in the
laboratory during the internd calibration.

Turn on the computer, if necessary, and download the humidity and temperature data
from the data logger to the computer

Pull the datainto an Excel® spreadsheet and calculate the 24-hour mean and standard
deviation for temperature and relaive humidity. Report temperature to 3 significant
digits

Verify that the weighing chamber’ s mean temperature and relative humidity for the 24
hours previous have met the following specifications. temperature maintained between
20-23°C with astandard deviation less than two, and 24-hour mean relaive humidity
maintained between 30-40% with a standard deviation less than five.

Lightly spray alow-lint disposable cloth (Kimwipe®) with Saticide®. Do not direct the
Spray toward the data logger, microbalance, reference weights, filters, or area around
the microbaance and computer. Use the moistened cloth to wipe both sets of forceps
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and the work area around the microba ance and computer. Allow the forceps and
work areato air-dry before proceeding. The computer and monitor may be routinely
cleaned with products designed for that purpose.

Open the weighing template spreadshect in the client’ s folder and save under afilename
conggting of the first and last filter ID numbersin the range to be weighed (e.g..
9021884 9021920.xls).

Complete the QC data worksheet with andy4 initids, weigh date, sart time, client
name, RTI project number, filter Iot, initid relaive humidity (%), and initid temperature
(°C, to 3 9gnificant digits).

Complete the database worksheet with filter ID number, box number, lot number, date
ingoected, initia weigh date, relative humidity (%6), temperature (°C, to 3 Significant
digits), and andyg initids.

Return to the QC data worksheet and position the cursor in a standard reference
weight cell. Open the automatic microbalance door by pressing the Sdlect button once.
Using nonmetdlic forceps, place ether the 100mg or 200mg working mass standard on
the microbaance weigh pan, and close the microba ance door by pressing the Select
button a second time. Take care not to drop, bend, or otherwise mar the standard.

Wait for the microbalance to display a stable reading for at least 20 seconds.

Press the print button on the microbaance to enter the displayed weight directly to the
cursor position in the QC data worksheet.

Repesat this process with a second working mass standard to bracket the weight of a
typica Teflon® PM, . filter.

Compare the weights of the working mass standards to the QC weight acceptance
limits posted near the microbaance. If amass sandard varies from its verified weight
by more than 3ug, autocdibrate the microba ance and rewe gh the working mass
gandard. If the mass standard till varies by more than 3ug, contact the Laboratory
Supervisor.

Return to the database worksheet and position the cursor in the firgt filter weight cell.

Using the filter handling forceps, pick up the firgt filter to be weighed and place it on the
polonium gtrips.
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Allow thefilter to rest on the stripsfor at least 60 seconds. If there are signs of dtatic
electricity, the filters must be Ieft on the polonium drips for alonger period of time.
Severd microbaance indicators that eectrogtatic charge may be a problem are noisy
readout, drifts, and sudden readout shifts.

Open the automatic microbaance door by pressing the Sdlect button once, place the
filter on the weigh pan, and close the microbaance door by pressing the Sdlect button a
second time.

Wait for the microbalance to display a stable reading for at least 20 seconds
Press the print button to enter the weight directly into the database worksheet.

Open the automatic microbaance door by pressing the Select button once, remove the
filter from the weigh pan, and close the microba ance door by pressing the Select button
asecond time. The microbalance must return to zero on its own. If after 20 seconds
the microbalance has not returned to zero, press the tare key. 1t should not be
necessary to pressthe tare key after every filter. If it proves necessary to pressthe tare
key after every filter, troubleshoot the system as outlined in this procedure.

Repest the processfor dl the filters. After every tenth filter, reweigh working mass
dtandards bracketing the weight of atypicd filter (100mg and 200mg) and record the
weight in the QC data worksheet. Compare the weights of the working mass standards
to the QC weight acceptance limits for the working mass stlandards. Place every tenth
filter asde to be reweighed at the end of the weigh session.

Weigh the number of filters needed for shipment to the client plus one additiond filter to
be used as alaboratory (Iab) blank. The lab blank must be placed in a Petridide® and
labeled with client name, RTI project number, weigh date, and the filter ID range of
which it is representative.

Reweigh every tenth filter and record the initid and find weightsin the QC data
worksheet. If replicate filter weights vary by more than 15ug, contact the Laboratory
Supervisor. The Laboratory Supervisor will troubleshoot the system and may direct the
andy4 to troubleshoot the microbaance system or to dlow the filters to equilibrate an
additiond length of time before reweighing dl the filtersin the baich.

If replicate filter weights are within 15pg, then reweigh the 100mg and 200mg working
meass sandards. If the working mass standards are within 3ug of their verified weight,
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then the weigh sesson is complete. All changesto the spreadsheet must be saved in the
client’ sfolder.

1.12.6 Preparing the Filtersfor Shipment

Shipping and receiving of filtersfor the PM,, s Chemica Speciation Program will be performed
in the Shipping, Handling and Archiving Laboratory (SHAL). These procedures are discussed in the
SOPsfor the SHAL.

1.12.7 Recept of Fltersfrom the Fied

Shipping and receiving of filtersfor the PM,, s Chemica Speciation Program will be performed
inthe SHAL. These procedures are discussed in the SOPs for the SHAL

1.12.8 Recapt of Filters from the SHAL and Post-sampling Batch Stability Test

The following procedure must be performed each time PM,, ; filters are received from the
SHAL.

1. Review and complete dl Chain-of-Custody forms submitted with the filters.

2. Log the filter identification information in the PM,, 5 Sample Receipt Notebook. Include
filter ID numbers, date recelved from the SHAL, recelver’ sinitids, pertinent
information concerning shipment integrity communicated by the SHAL, and any
observations about obvious filter damage.

3. File one copy of the Chain-of-Custody form(s) in the client’ s three-ring binder in RTI
Building 5.

4, Trangfer a second copy of the Chain-of-Custody form(s) with the filters to the weighing
chamber in RTI Building 11. If thefilters are not received from the SHAL in
Petridides®, place each filter in aclean Petridide®. Label each Petridide® with dient
name, date received from the SHAL, and filter ID number.

5. Place the Petridides® containing the filtersin numerica order on atray. Veify thefilter
ID numbers againgt the ID numbers recorded on the Chain-of-Custody form(s)

6. Place the filter tray on the appropriate shelves in the weighing chamber to equilibrate.
Place the Petridide® lid dightly gar over the dide well such that it covers approximately
three-fourths of the filter surface.




PM, . Gravimetric Analysis
Revision 7

Date: August 14, 2003
Page 15 of 24

Allow thefiltersto equilibrate in the weighing chamber for at least 24 hours.

Randomly sdlect three of the sampled filters, weigh, and then replace on the shelf to
equilibrate at least 24 additiond hours.

Reweigh the three sampled filters. If the average weight loss for the threefiltersisless
than 5ug, the batch of filters can be weighed. If the average weight loss for the three
filters exceeds 5ug, repeet the 24-hour equilibration and weighing process.

1.12.9 Pogt-sampling Filter Weighing

Open the appropriate Excel® spreadsheet(s) to perform post-sampling weighing of PM,, <
filters. Post-sampling weighing is performed as outlined in the pre-sampling weighing section (see
1.12.5). All internd QC procedures described in the pre-sampling filter weighing section must be
followed during post-sampling weighing. Additiond QC data must be recorded as follows.

1.

2.

Identify field blanks, if known, in the “Blanks’ column of each spreadshest.

Copy theinitid weight for each lab blank from the database worksheet to the “Lab
Blank Initid Weight” cell of the QC data worksheet of the gppropriate Soreadshest.
Reweigh the lab blank for each spreadsheet and enter thisweight in the “Lab Blank
Find Weight” cell of the QC dataworksheet. Initid and find 1ab blank weights must
not differ by morethan 15ug. A weight gain of more than 15ug may indicate
contamination in the weighing chamber. A weight loss of more than 15ug may indicate
that the filters were not adequately equilibrated before shipment to the sampling sites. If
the l1ab blank does not meet the gppropriate criterion, notify the Laboratory Supervisor
and QA Officer immediately.

Copy fidd blank filter ID numbers, initid weights, and find weights from the database
workshest to the appropriate section of the QC data worksheet. Initid and final field
blank weights must not differ by more than 30pug. A weight gain of more than 30ug may
indicate possible fidld contamination of thefilters. A weight loss of more than 30ug may
indicate that the filters were not adequately equilibrated before shipment to the sampling
gtes. If initid and find fied blank weights differ by more than 30ug, notify the
Laboratory Supervisor so that the client can be notified of possible field-related
problems.

All post-sampling filter weights must be recorded. Note any problems observed during
post-sampling filter weighing (e.g. filter damage, incomplete documentation, etc.) in the
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“Comments’ column of the database worksheet. Data flags will notify the client that
these data may be invaid.

1.12.10 Filter Archiva

After post-sampling weighing, filters must be archived according to the procedure outlined in
Section 1.11 (Filter Handling). The“Archiva Date’ column must be completed in the gppropriate
Excel® spreadsheet.

1.12.11 Troubleshooting

Problemsin meeting the various QC requirements during a pre-sampling or post-sampling
weighing session can be reated to the filter conditioning environment, a mafunctioning microbaance, or
the filters themsdlves (exposed filters). Anaysts must take the gppropriate corrective action or cal the
matter to the attention of the Laboratory Supervisor if serious problems are observed. All problems
that affect reportable data must be brought to the attention of the Laboratory Supervisor and must be
documented for use during data vaidation. Serious, systematic, or chronic problems must be dedlt with
using the Corrective Action Procedures described in the Laboratory's QA Project Plan (QAPP).

The following list describes common troubleshooting Situations and recommended solutions:

If filter weights are undtable, ensure that temperature and relaive humidity are within the
acceptance criteria and that levels do not fluctuate excessively. Also, check
temperature and relative humidity monitoring devices with independent devices.

If unexplained weight gains are observed on laboratory blanks, or if visud
contamination is observed, consder the possibility of laboratory contamination. More
frequent cleaning may be required.

To minimize measurement uncertainties and fluctuations ated with dectricd
charge, samples must be charge-neutraized prior to weighing using Polonium 210 apha
sources. Since the radioactive hdf-life of this materid is gpproximately 6 months,
charge neutraizers must be replaced at least annudly.

If apower failure has occurred, the user must manualy reset the microbaance' s
electronics and must run the internd recdibration procedure. Recovery time may be
required for the microbaance to Sabilize after a power outage. Refer to the
ingdrument’ s operating manua for recommendetions.
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. If blank or working standard weighing discrepancies are observed between sessions,
recertify the working standards againgt the laboratory primary standards and/or
cdibrate the microbaance using an externa laboratory primary standard.

. If microbaance repairs or dgnificant internd adjustments are necessary, a qudified
service technician must be called. Unqudlified personne must not attempt to adjust or
repair the microbalance. Note: Additiond information on this topic can be found in
Section 2.2.2 “Removing A Microbalance From Service.”

. If certain exposed filters appear to be losng weight systematicaly over time, the
particulate matter may be compaosed of nitrates or other semi-volatile species.

. If any unused filter is found to have aweight outside the normd range (i.e,, 110 to 160
mg), investigation may be caled for. Examine other filters from the same lot for defects.

. A conggtent negative replication (>15 pg) for laboratory blank filters, may beasign
that the filters have not equilibrated long enough and are off gassng semi-volatiles from
the manufacturing process. Monitor other filters from the same lot; additiona
conditioning time may be required before filters from that lot can be used for sampling.

1.13 DataAcquistion Hardware and Software

Note: Seethe SOP "Data Handling Procedures for the Speciation Analysis Program,” for
detailed procedures on thistopic. The referenced SOP will provide the detailed about the data
acquisition software to be used in the chemica speciation program.

The two mgjor programs currently used to process RTI EISD Gravimetry Laboratory data are
Microsoft Excel® and Balancelink®. Spreadsheets used for managing data are created in Excel®.
These spreadsheets are to be replaced by custom RTI-written Microsoft Access® routinesto facilitate
compliance with Good Automated Laboratory Practices (GALP) requirements. RTI will modify the
PED program which RTI developed for the FRM PE program under contract to OAQPS.

IBM-PC compatible computers will be used in the weighing laboratory. These are networked
viaRTlI'sinternad computer network. Password security will be used to vaidate users. Full or
incrementa backups of the datawill be performed daily.

1.14 Cdculations and Data Reduction

The cdculaions rdevant to the gravimetric procedures are listed in the following table.
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Parameter Units Type of Conversion Equation
Filter Volume m? Calculated from average Flow Rate V,=Q,,. X tx 103
(Vo) (Que) in L/min, and total elapsed time (t)
inmin.
Mass on filter Mg Calculated from the filter post-weight
(M,5) (M;) in mg and filter pre-weight (M)) in M,= (M, - M)) x 10°
mg, multiplied by the unit conversion
(Hg/mg)
PM,. pg/md Calculated from laboratory data and PM,=M,./ V,
Concentration sampler volume
(Cpm2.5)

1.15 Records Management

Note: Seethe SOP "Data Handling Procedures for the Speciation Analysis Program,” for
detailed procedures on thistopic. The following discussion outlinesthe records management
procedures to be implemented for the gravimetric filters. The referenced SOP will provide the detailed
records management protocols for al filter and sample types that are used on the chemica speciation

program.

Asoutlined in Section 1.11 (Sample Handling), RT1 will prepare a“Filter Inventory and
Ingpection Form” upon initid recaipt of new filters. Thisform will be completed with filter ID numbers,
box numbers, date received, date inspected, number of filters rglected, and reason(s) for rejection.
The form will alow laboratory personne to sdlect and use the filter boxes in the proper sequence.

RTI will provide Chain-of-Custody documentation with al sample shipmentsto track and
ensurethat:

. samples are collected, transferred, stored, and analyzed by authorized personnel;
. sampleintegrity is maintained during dl phases of sample handling and andys's, and
. an accurate written record is maintained of sample handling and trestment from the time

of its collection, through the laboratory anadytica process, to the eventud relinquishing
of dl datato the client.
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Chain-of-Custody forms will include filter ID numbers, accompanying cassette identification,
pre-sampling weighing date, and date shipped to the designated Site operator. One copy of the Chain-
of-Custody form will be retained by the Site operator. A second copy of the form will accompany
return shipmentsto RTI. Upon receipt of loaded filters from the field, RTI will complete the fina
portion of the Chain-of-Custody form, including date received at RTI and maximum temperature during
shipment. The designated Site operators are responsible for shipping filters and cassettes, and cassette
containersto RTI at atemperature a or below 4°C.

The Filter database will be completed with the information described above and with filter
archiving information. Flterswill be archived, following the procedure outlined in Section 1.11 (Filter
Handling) and 1.12.8 (Filter Archivad), until one year after termination of the contract, or until the client
requests return of such materids, whichever comes earlier. Boxes of archived filters will be labeled
with the appropriate archiving information, including client name, RTI contact name and telephone
extension, filter ID range, and archive date, and placed in a secure cold storage facility. The archiva
date for each filter ID number will be completed in al pertinent Excel® spreadsheets.

2.0  Quality Control and Quality Assurance
21  Deermination of Working Standard QC Weight

The following procedure must be performed each time the working mass reference standards
are recertified by the North Carolina Department of Agriculture Standards Laboratory or asimilar

NIST-traceable standards |aboratory, and each time the working mass reference standards exceed the
PM,, 5 acceptance limits,

1 Using clean weight forceps, weigh the working mass reference sandard daily for five
days.

2. Record the weights and cd culate the mean.*
*The mean will be the weight used for comparison during each subsequent weigh
session.

If the mean weight determined for the working mass reference standard differs from the certified value
by more than 20ug, verify the primary standards and then either call the microbaance manufacturer's
service representative to calibrate the microbalance or return the working mass standard for
recertification.
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2.2 Monitoring Microba ance Performance
2.21 Qudity Control Checks of the Microbaance

Routine checks of the microbaance using certified mass sandards must be performed to detect
any gppreciable changesin instrument response over time. Since fine particulate mass concentrations
are caculated based on the measured difference between |oaded filters and clean filters, the absolute
response of the microbaance is less critica than long-term stability and repeatability. Internd QC
checks are recorded during each weigh session on the sesson’s QC data worksheet. The following
interna QC checks designed to monitor appreciable changes in microbalance response are performed
a the beginning and end of every weigh sesson:

1 Measure and record the temperature, relaive humidity, operator’ sinitids, date, and
time on the weigh session’s QC data workshest.

2. Zero and autocaibrate the microbaance.

3. Weigh the NIST Class 1 100mg mass standard. Record the weight on the QC data
worksheet for that weigh session and compare this weight to those previoudy
determined for the 100mg standard.

4, Weigh the NIST Class 1 200mg cdibration weight. Record the weight on the QC data
worksheet for that weigh session and compare this weight to those previoudy
determined for the 200mg standard.

2.2.2 Removing A Microbaance From Service

If the weights recorded for the certified mass standards used to perform systematic checks of
the microbaance differ by more than 20ug from ther certified vaue or by more than 5ug from therr last
recorded weight, the microbaance must be examined to verify that it isleve, that the weigh pan and
sample chamber are free of visble contamination, and that the chamber door mechanism is free of
visible contamination that would prevent the door from sealing properly. These conditions must be
corrected if necessary. The microbaance must be interndly calibrated and the certified mass sandards
must be weighed again. |If the weights recorded for the certified mass standards till differ by more than
20ug from their certified value or by more than 5ug from their last recorded weight, three laboratory
blanks must be randomly selected from the laboratory blanks exposed in the [aboratory. The three
laboratory blanks will be weighed and their weights will be recorded on the QC data workshest for the
weigh session. If the weight recorded for any one of the laboratory blanks differs by more than 15ug
from itsinitid weight, the microbdance will be removed from service pending repair and cdibration by
an authorized microba ance service representative.
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The procedure for removing a microbaance from sarvice in the RTI EISD Gravimetry
Laboratory isasfollows.

1.

2.

Leave the microbaance in “ Standby” mode.

Notify the Laboratory Supervisor that aroutine check of the microbalance as described
above has indicated that the microbaance is out of compliance.

Place a clearly written notice on the sone weighing table that sates, “THIS
MICROBALANCE WAS REMOVED FROM SERVICE ON MM/DD/YY
PENDING REPAIR AND CALIBRATION BY AN AUTHORIZED
MICROBALANCE SERVICE REPRESENTATIVE.” Sign and date the notice.

Print the pertinent weigh sesson QC data worksheet. Pagte this sheet into the
microbaance log. Write abrief summary of the microba ance checks and corrective
actionsin the microbalance log and initid and date the summary.

The Laboratory Supervisor will contact Mettler Toledo to schedule aservice
gppointment, notify the Quality Assurance Officer, and contact clients and the SHAL,
as deemed necessary and appropriate, to discuss rescheduled delivery of tared filters.

If sampled filters must be weighed to avoid expiration in the RTI EISD Gravimetry
Laboratory, notify the Laboratory Supervisor. Weigh the sampled filters on the
laboratory’ s second microbaance. FHag any filter whose post-sampling weighing is
performed on a microbaance other than the microbaance on which itsinitid (tare)
weighing was performed with an explanatory comment.

After the microbalance has been repaired, calibrated, and certified by an authorized
microba ance service representative, remove the written notice from the stone weighing
table. Write abrief summary of the microbaance repair in the microbaance log and
initia and date the summary.

Verify the microbaance performance with the certified working mass standards as
described in 2.2.1, and document this verification in the microbaance log.

2.3  QCFilter Samples

The following table summarizes the recommended frequency of QC filtersfor the PM,, 5

program:.
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Type of QC Filter Description Acceptance
Criteria
Lot Stability Test Filters Six filters are repeatedly weighed to weight trend
determine the minimum necessary approaches zero
equilibration time for filters from the
same manufacturing lot.
Batch Stability Test Filters Three filters from a batch are repeatedly weight loss < 5 ug
weighed during equilibration to verify the
stability of the filter shipment batch.
Laboratory Blank Filters One laboratory blank filter is weighed weight loss < 15 ug
for every filter shipment batch shipped
to the client.
Field Blank Filters Unexposed filters from each shipment weight difference <
batch are designated as field blanks by 30 pg
the client.
Replicate Filter Weighings Every tenth filter (both preweighing and weight difference <
postweighing) is reweighed. 15ug

24  Cleaning the Laboratory

The laboratory will be cleaned monthly or as needed to minimize contamingtion in the weighing
environment. The laboratory will be cleaned after any renovation, maintenance, or repair activity in the
vicinity of the weighing chambers (RTI Bldg 11, Bay 6). Cleaning will be performed by Iaboratory
andysts who are familiar with the [aboratory equipment, systems, and gravimetric anadlysis operations.
Ultraviolet (UV) fluorescent ingpection of surfaces in the weighing chambers will be performed annudly
to detect particulate microcontamination in the controlled environment to aid the andysts in identifying
problem areas and refining their cleaning strategy. In thisingpection, aUV hand lamp will be used to
highlight contamination on surfacesin the illumination area. At a minimum, the following procedure will
be followed when cleaning the laboratory:

1 Don shoe covers, disposable lab coats, and powder-free gloves prior to cleaning the
laboratory.

2. After donning protective garments and gloves, replace al Petridide® lids securely on
open Petridides® in which unsampled and sampled filters are conditioning. Closing the
Petridides® protects filter surfaces from contamination due to fall-out of settled
particulate which may be resuspended during cleaning.
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Place dl bdancesin “ Standby” mode.

Veify that dl working mass standards (reference weights) are stored in tightly closed
boxes to protect them from contamination during cleaning.

Shut down al computers.

Remove dl auxiliary supplies (unopened boxes of filters, FRM magazines and cassettes,
mouse pads, etc.) from the chamber.

Invert dl ionizing units and tap them gently on atable top to didodge particulate. Do
not tamper with or touch the foil-covered Polonium grips.

Damp-wipe dl verticad and horizontal surfaceswith alow-lint digposable cloth
moistened with DI water. Disposable cloths should be damp, not wet. A small amount
(approximately 50 L) of Staticide® may be added to the DI water used to wipe walls,
shelves, table tops, network junction boxes, etc. Do not wipe the floor with a
Staticide® solution; Staticide® may make the floor dippery. Discard disposable cloths
after use.

When damp-wiping vertica and horizontal surfaces, pay particular attention to cables
and cords, corners, ledges, network/telephone junction boxes, telephones, computer
components, computer mouse, the shelf racks on which trays of filters are placed, the
work area around the balances, and the balances, themselves. Gently wipe the top of
the balance' s power supply, data acquisition component, and chamber component. Do
not place pressure on the microbalance.

Gently clean the baance' s sample chamber and weigh pan with the brush provided by
the manufacturer. The brushislocated in asmall drawer on the sde of the chamber
component. Pay particular attention to the groove in which the automatic chamber
door moves as it opens and closes.

Using alow-lint sponge mop, damp-mop the floor with DI water. Rinse the mop
frequently and change the water frequently. Use atextured scrubber as needed to
remove visble staining. As noted previoudy, Staticide® must not be added to the
water used to mop the floor.

Exit the chamber, changing the adhesive mats insde and outside the chamber door en
route.
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13.  Allow surfacesto ar dry. Wait at least one hour for the chamber’sair circulaion
system to pull ar through the plenum’s course filters.

14. Pre-clean auxiliary supplies before returning them to the chamber.

15.  After donning protective garments and gloves, remove Petridide® lids from the
Petridides® that were closed prior to cleaning and place each lid dightly gar over the
Petridide® well such that it covers approximately three-fourths of the filter surface. As
noted previoudy in this SOP, such a placement of the lid dlows for outgassing of the
filter while offering some protection from particle depostion.

16. Reboot computers.

17. Bring balances up from “ Standby” mode and interndly calibrate them using the
“Autocdibrate’ function.
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